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Introduction {#jah31230-sec-0001}
============

Arterial stiffness has re‐emerged over the past 20 years as an important predictor of cardiovascular outcomes.[1](#jah31230-bib-0001){ref-type="ref"} However, the evidence on the role of arterial stiffness in the development of heart failure (HF) is limited to 2 large studies with some conflicting resulting.[2](#jah31230-bib-0002){ref-type="ref"}, [3](#jah31230-bib-0003){ref-type="ref"} Furthermore, both studies lack the distinction between HF phenotypes, which could be associated differently with arterial stiffness. Thus, it is particularly pleasing to see new data on this topic from the Framingham Heart Study [4](#jah31230-bib-0004){ref-type="ref"} in this issue of the *Journal of the American Heart Association*.

Arterial stiffness is the hallmark of arterial aging.[5](#jah31230-bib-0005){ref-type="ref"} Several measurements for quantifying arterial stiffness have been proposed, which are summarized in [Figure](#jah31230-fig-0001){ref-type="fig"}. Carotid--femoral pulse‐wave velocity (PWV) is the reference measurement of arterial stiffness,[6](#jah31230-bib-0006){ref-type="ref"} and it is calculated by measuring the time taken for the pressure wave to travel the distance between the carotid and the femoral artery, which is generally measured over the body surface. Timing is obtained by measuring the interval between the foot of the carotid and the femoral waveforms taken with a tonometer. Parameters generally referred to as arterial wave reflection are instead estimated by placing a tonometer on the surface of a peripheral vessel (ideally the radial artery) and applying mathematical processes to predict the waveform in the more proximal aortic circulation. The derived aortic pressure waveform is the result of a forward‐traveling pressure wave (Pf), generated by left ventricular (LV) ejection, and a backward‐traveling reflected pressure wave (Pb), generated by peripheral vascular resistance, vessels tapering, and bifurcations ([Figure](#jah31230-fig-0001){ref-type="fig"}). These 2 components can be separated by simultaneously measuring the aortic flow waveform with echocardiography, or assuming a "triangular" aortic flow waveform (ie, pseudoflow) through the identification of the inflection point (ie, the point visible on the upward part of the aortic pressure waveform that corresponds to the foot of the backward‐reflected pressure wave). Augmented pressure above the inflection point is assessed subtracting Pf from central pulse pressure, and augmentation index (AI) estimated as augmented pressure expressed as a percentage of the central pulse pressure. The reflection magnitude instead is the ratio of the magnitudes of the backward wave and the forward wave (Pb/Pf).

![Estimation of major arterial stiffness and wave reflection parameters using applanation tonometry.](JAH3-4-e002807-g001){#jah31230-fig-0001}

From a physiological standpoint, the stiffer the arterial system, the higher the PWV, and the faster the reflected pressure wave returns from the periphery to the proximal aorta, adding earlier to the forward wave and eventually reaching the heart at systole instead of diastole, thus causing (1) augmentation of central systolic blood pressure increasing cardiac loading, and (2) reduction of central diastolic blood pressure decreasing coronary perfusion.[7](#jah31230-bib-0007){ref-type="ref"} Several studies linked PWV and indexes of wave reflection with LV dysfunction,[7](#jah31230-bib-0007){ref-type="ref"}, [8](#jah31230-bib-0008){ref-type="ref"}, [9](#jah31230-bib-0009){ref-type="ref"}, [10](#jah31230-bib-0010){ref-type="ref"}, [11](#jah31230-bib-0011){ref-type="ref"} which constituted the background for investigating their potential contribution to the development of HF. In an earlier analysis of 2844 participants of the Health Aging and Body Composition study (mean age 74±3 years, 48% men, 26% prevalent cardiovascular disease \[CVD\], median follow‐up 4.6 years), Sutton‐Tyrrell and colleagues failed to demonstrate an association of PWV with incident HF (n=181, 6.4%).[3](#jah31230-bib-0003){ref-type="ref"} However, it is worth noting that in this study, PWV was measured using the foot of the Doppler flow wave instead of the pressure wave, whose identification may be more challenging.[6](#jah31230-bib-0006){ref-type="ref"} More recently, in 5960 participants of the Multi‐Ethnic Study of Atherosclerosis study (mean age 62 years, 48% men, no prevalent CVD, median follow‐up 7.6 years), Chirinos and colleagues demonstrated an independent association between reflection magnitude and incident HF (n=104, 1.7%). On the contrary, AI and pulse pressure amplification were not associated with incident HF after multivariate adjustments.[2](#jah31230-bib-0002){ref-type="ref"}

In this issue of the *Journal of the American Heart Association*, Tsao and colleagues aimed at examining the association between arterial stiffness and incident HF with a specific focus on the 2 main phenotypes of HF. They used data from 2 study cohorts of the Framingham Heart Study population, with available tonometric measures of PWV and aortic pressure waveform.[4](#jah31230-bib-0004){ref-type="ref"} The analysis included 2539 participants (mean age 64±12 years, 44% men, about 30% prevalent CVD). At a median follow‐up of 10.1 years, there were 170 (6.7%) incident HF cases. In multivariate models, the authors found an independent relationship of incident HF with PWV, but not with central pulse pressure, Pf, and AI.[4](#jah31230-bib-0004){ref-type="ref"}

A major limitation of current research in this field lies in methodological differences among studies. Whereas there is some agreement on the prognostic role of PWV, the real debate is generally on the contribution of wave reflection. Chirinos and colleagues argue that wave reflection has an independent value,[2](#jah31230-bib-0002){ref-type="ref"} while Tsao and colleagues do not.[4](#jah31230-bib-0004){ref-type="ref"} AI is considered to offer the best prognostic contribution when measured in younger individuals free from CVD.[12](#jah31230-bib-0012){ref-type="ref"} Thus this may partially explain the positive findings of the Multi‐Ethnic Study of Atherosclerosis study, which included a particularly healthy population with no prevalent CVD. The advocates of wave reflection, however, have been capitalizing on reflection magnitude rather than AI. Unfortunately, Tsao and colleagues did not calculate it.[4](#jah31230-bib-0004){ref-type="ref"} Similarly, a limitation of reflection magnitude tested in the Multi‐Ethnic Study of Atherosclerosis study is that it was calculated using a pseudoflow waveform, and not the individual\'s aortic flow waveform.[2](#jah31230-bib-0002){ref-type="ref"} The optimal study should utilize simultaneously measured aortic flow and pressure recordings.

Finally, the heterogeneity of the HF phenotype has never been addressed in previous studies, and the study by Tsao and colleagues appears underpowered to this goal.[4](#jah31230-bib-0004){ref-type="ref"} Indeed, a major paradigm shift in our understanding of HF occurred after the recognition that a clinical syndrome of HF was possible also in patients with normal LV ejection fraction, subsequently referred to as HF with preserved ejection fraction (HFpEF), as opposed to HF with reduced ejection fraction (HFrEF).[13](#jah31230-bib-0013){ref-type="ref"} HFpEF is currently diagnosed in at least half of patients with new‐onset HF, and it is associated with a high mortality rate, comparable to that of HFrEF.[13](#jah31230-bib-0013){ref-type="ref"} Arterial stiffness has been called into question, particularly in the pathogenesis of HFpEF.[9](#jah31230-bib-0009){ref-type="ref"}, [10](#jah31230-bib-0010){ref-type="ref"} Tsao and colleagues aimed to tackle the problem by performing subgroup analysis of participants who developed HFpEF (n=77, 45%) versus HFrEF (n=61, 36%). Thirty‐two of the 170 incident cases of HF (19%) were correctly excluded from the analysis because of a myocardial infarction between LV imaging and incident HF. PWV displayed no significant association with either HFpEF or HFrEF after accounting for clinical covariates.[4](#jah31230-bib-0004){ref-type="ref"} The authors should be complimented for reporting this valuable information, despite the very low number of events, which might have significantly hampered their efforts. In addition, LV ejection fraction was defined by either echocardiography or radionuclide angiography, with a threshold of 45%, which is lower than the currently recommended 50%.[13](#jah31230-bib-0013){ref-type="ref"} Thus, to date we remain without effective evidences of a differential contribution of arterial stiffness to the pathogenesis and development of HFrEF versus HFpEF. Remarkably, because women have a higher incidence of LV diastolic dysfunction and indexes of wave reflection than men,[14](#jah31230-bib-0014){ref-type="ref"} the latter have been increasingly suggested as responsible for the higher incidence of HFpEF in women,[9](#jah31230-bib-0009){ref-type="ref"}, [10](#jah31230-bib-0010){ref-type="ref"} but data in support of this concept are lacking. Unfortunately, both the Multi‐Ethnic Study of Atherosclerosis and the current Framingham Heart Study analyses were underpowered in terms of incident HF events to test this hypothesis. Tsao and colleagues reported a non‐significant interaction between PWV and sex for incident HF, which, however, is of no use.[4](#jah31230-bib-0004){ref-type="ref"} Future studies will need to be large and with long‐term follow‐up, in order to include a higher number of incident HF events that will have to be dichotomized in HFrEF versus HFpEF according to the definition of the most recent guidelines.[13](#jah31230-bib-0013){ref-type="ref"} Because survival is similarly poor in both forms of HF, yet to date there is no treatment of proven benefit for HFpEF,[13](#jah31230-bib-0013){ref-type="ref"} demonstration of a contribution of arterial stiffness and wave reflection to this syndrome would allow focus on new therapeutic approaches that primarily target the arterial rather than the cardiac walls.
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